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EXPLANATION

Surficial aquifer system

Biscayne aquifer

Upper confining unit of Floridan aquifer system

Floridan aquifer system

Upper Floridan aquifer

Middle confining unit

Local confing unit

Lower Floridan aquifer

Boulder Zone within Floridan aquifer

Lower confining unit of Floridan aquifer system

Southeastern Coastal Plain aquifer system

Contact of geologic formation—Dashed where 
approximately located

Fault—Arrows indicate relative vertical movement

COLUMBIA

LAUDERDALE

COLBERT

FRANKLIN

LA
W

RENCE

MORGAN

LIM
ESTONE MADISON

MARSHALL

JACKSON

DE KALB

CH
ER

OK
EE

ETOWAH

CULLMAN
WINSTON

MARION

BLOUNT

LA
M

AR
FA

YETTE WALKER

JEFFERSON

ST CLAIR

CALH
OUN

CL
EB

UR
NE

RA
NDO

LP
H

CLAYTA
LL

ADEG
A

SHELBY
TUSCALOOSAPICKENS

BIBB

GR
EE

N
E

HALE

SUMTER
PERRY

CHILTON

ELMORE

COOSA

TA
LL

AP
OO

SA

CH
AM

BER
S

CH
OC

TA
W

M
ARE

NGO

WILCOX

DALLAS

LOWNDES

M
ONTGOM

ERY

MACON

BULLOCK
RUSSELL

STEWART

LEE
HARRIS

AUTAUGA

TALBOT

PIKE
BARBOUR

BUTLER

CR
EN

SH
AW

HENRY
DALE

COFF
EE

COVINGTON

GENEVA HOUSTON

MONROE

CLARKE

W
AS

HI
NG

TO
N

ESCAMBIA

MOBILE

BALDWIN

ESCAM
BIA

SANTA ROSA OK
AL

OO
SA

CONECUH

W
AL

TO
N

HOLMES

BAY
WASHINGTON

CA
LH

OUN

JACKSON

GADSDEN

LIBERTY

GULF
FRANKLIN

WAKULLA TAYLOR

JE
FF

ER
SO

N

LEON
MADISON

HAMILTON

LAFAYETTE

SUWANNEE

CO
LU

M
BI

A

BAKER

UNION

BRA
DFO

RD

CLAY

NASSAU

DUVAL

ST JOHNS

PUTNAM

FLAGLER

ALACHUACHRIST
GIL

DIXIE

LEVY
MARION VOLUSIA

LAKECITRUS

HERNANDO

SU
M

TE
R

PASCO

ORANGE

SEMINOLE

OSCEOLA
BREVARD

RIVER
INDIAN

POLK

HILLSBOROUGH

PI
N

EL
LA

S

MANATEE HARDEE

SARASOTA

DE SOTO
HIGHLANDS

OKEECHOBEE ST LUCIE

MARTIN

GLADESCHARLOTTE

HENDRYLEE
PALM BEACH

COLLIER
BROWARD

M
ON

RO
E

DADE

DILLON

M
ARLBORO

CHESTERFIELD

KE
RS

HA
W

DARLINGTON

HORRYFLORENCE M
AR

IO
NLEE

RICHLAND SUMTER

FAIRFIELD

CHESTER

YORK

LA
NCASTER

UNIO
N

CHEROKEESPARTAN
BURG

GR
EE

N
VI

LL
E

DORCHESTER

GEO
RG

ET
OW

N

WILLIAMSBURG

CLA
RENDON

CALHOUN

BAM
BERG

AL
LE

ND
AL

E

COLLETON

BARNW
ELL

CHARLESTON

JASPER
BEAUFORT

HAMPTON
JENKINS

SCREVEN

BURKE

EFFINGHAM

BULLOCHCANDLER

ORANGEBURG

AIKEN

ABBEVILLE

SALUDA

GREENW
OOD

NEWBERRY

LEXINGTON

EDGEFIELD

MCCORMICK

WILKES

LINCOLN

RICHMONDW
AR

RE
N

M
CDUFFIE

ELBERT

HART

TH
ORPE

OLG
E

ANDERSON

PI
CK

EN
S

OCONEE

LAURENS

BANKS FR
ANKLIN

JACKSON
MADISON

STEPHENS

LU
M

PK
IN

W
HI

TE
HABER

SHAM

TOWNS
RABUN

HALL

UNIONDA
DE

WALKER W
HI

TF
IE

LD

CATOOSA

M
UR

RA
Y

CHATTOOGA
GORDON

BARTOW

CHEROKEE

GILMER

PICKENS
DAWSON

FO
RSYTH

FANNIN

FLOYD

POLK

PA
UL

DI
N

G

COBB

HARALS
ON

DOUGLAS

FU
LT

ON

GWINNETT

DE
 K

AL
B

WALTON

BARROW
OCONEE

CLARKE

TALIAFERROGREENE

CL
AY

TO
N

RO
CK

DALE

NEWTON MORGANCARROLL

HEARD
COWETA

TROUP

M
ER

IW
ET

HER

PIKE

SPAULDING

FAYETTE

HENRY

BUTTS

JA
SP

ER

PU
TN

AM

HANCOCK

LA
M

AR

M
ON

RO
E

JONES BALDWIN

WASHINGTON

GLASCOCK

JE
FF

ER
SO

N

UPSON

MUSCOGEE TAYLOR

CHATT
AHOOCHEE

M
AR

IO
N

SCHLEY

MACON

CRAWFORD
BIBB

TW
IG

GS

PE
AC

H

WILKINSON
JOHNSON

LAURENS

HO
US

TO
N

BL
EC

KL
EY

W
EBSTER SUMTER

DOOLY

CRISP W
ILC

OX

PULASKI
DODGE

TELFA
IR

W
HEELER

TREUTLEN

M
ON

TGOM
ERY

TO
OM

BS

EMANUEL

HILL
BEN

JEFF DAVIS

TURNER

QUIT
M

AN

RANDOLP
H TERRELL

LEE

TATTNALL

EVANS

APPLING

WAYNE

LONG

LIBERTY

BRYAN

CHATHAM

BACONCOFFEE
IRWIN

PIERCE

BRANTLEY

WARE

MCINTOSH

GLYNN

BE
RR

IE
N

ATKINSON

CALHOUN
DOUGHERTY

CLAY

EARLY

WORTH
TIFT

BAKER

MILLER MITCHELL

SE
M

IN
OL

E

DECATUR

COLQUITT

GR
AD

Y
TH

OM
AS

BR
OO

KS

LO
WNDES

CO
OK

LA
NIE

R

CLINCH

ECHOLS

CHARLTON CAMDEN

BERKELEY

80°
85°

30°

25°

35°

A L A B A M A G E O R G I A

S O U T H

C A R O L I N A

F
L

O

R
I

D
A

★

●

★

★

★

●

●

●

●

●

●

●

●

●

●

Birmingham

Montgomery

Tallahessee

Atlanta

Greenville

Columbia

Charleston

Savannah

Jacksonville

Orlando

Tampa

Miami

Augusta

Fort Walton 
Beach

Fernandina Beach

Lake
Okeechobee

Gulf of Mexico

A
tl

an
ti

c
O

ce
an

40

120
100

80

80

80

40

4
0

20

60

60

60

2
0

4
0

2
0

2
040

60

6
0

80

80

100 100

120
140

160

1
8
0

2
0
0

-8
0

-6
0

-2
0

20
40

6080

100

100 1
0
0

120

1
4
0

1
6
0

1
8
0

2
0
0 2

0
0

220
240

260

280

2
2
0

2
0
0

1
8
0

1
6
0

140

12
0

10
0

80

4
0

-40
-80

-120
20

0

0

4
0

0

0

0

0
0

20

20

0
-20

Base modified from U.S.
Geological Survey digital
data, 1:2,000,000, 1972

Modified from Bush
and Johnston, 1988

0 50 100 MILES

0 50 100 KILOMETERS

SCALE 1:5,000,000

A13

Some of the variations within the Floridan aquifer system
and the complexity of the system are shown by a geohydro-
logic section that extends from south-central Georgia to south-
ern Florida (fig. 33). The aquifer system thickens southeast-
ward; it is only about 250 feet thick in south-central Georgia,
but is more than 3,000 feet thick in southern Florida. A gra-
ben called the Gulf Thrugh, shown near the left side of the
section, is between two faults that completely cut the aquifer
system; thick clay of the upper confining unit of the Floridan
accumulated in the graben. In Georgia, the aquifer system con-
tains only scattered, local confining units or none at all. By
contrast, in most of Florida, the system contains one to sev-
eral thick confining units of regional extent. These confining
units consist of carbonate rocks that are much less permeable
than the water-yielding strata of the aquifer system, and re-
tard the vertical movement of water within it. The Boulder Zone
in southern Florida is a deeply-buried, cavernous zone that is
filled with saline water and used as a receiving zone for injected
wastes. In Georgia, the Floridan aquifer system directly over-
lies the Southeastern Coastal Plain aquifer system, which con-
sists of interbedded sand aquifers and clayey confining units,
all of which are much less permeable than the carbonate rocks
of the Floridan.

The major features of the regional ground-water flow
system of the Floridan aquifer system are shown by a map of
the potentiometric surface of the Upper Floridan aquifer (fig.
34). The water moves regionally southeastward and southward
from recharge areas in central Georgia and southern Alabama
where the aquifer is exposed at the land surface or is covered
by a thin layer of younger sediments. Water also moves out-
ward in all directions from local potentiometric highs in south-
central Georgia and in the northern and central parts of the
Florida peninsula. Depressions on the potentiometric surface
mark major withdrawal centers at Savannah, Georgia, and at
Fernandina Beach, Fort Walton Beach, and the Hillsborough–
Pinellas County area, Florida. The band of closely spaced
contours that extends northeastward from Grady County to
Jeff Davis County, Georgia, is located just up the hydraulic
gradient from the Gulf Trough graben that is filled with a thick
sequence of clay. This clay, which is part of the upper confin-
ing unit of the Floridan aquifer system, has been downdropped
opposite the permeable limestone of the Floridan, thus imped-
ing the coastward flow of water in the aquifer. This impedance
is represented by the closely spaced contours.

Florida has 27 first-magnitude springs (fig. 35), or springs
which discharge 100 cubic feet per second or more, out of 78
in the Nation. All these springs issue from the Upper Floridan
aquifer, and practically all of them are located in places where
the aquifer is exposed at the land surface or is covered by less
than 100 feet of clayey upper confining unit. Dissolution of the
carbonate rocks of the aquifer in these places has resulted in
the development of large caverns, many of which channel the

ground water to major spring orifices. Some of the springs are
large enough to form the headwaters of surface streams.

Large withdrawals from the Upper Floridan aquifer at
several major pumping centers lowered hydraulic heads in the
aquifer more than 80 feet from predevelopment levels in sev-
eral places by 1980 (fig. 36). Regional declines of 10 to 30
feet have developed in three multicounty areas, one of which
extends over almost half the Georgia Coastal Plain. The with-
drawals have locally reversed predevelopment hydraulic gra-
dients in some coastal areas, creating the potential for the en-
croachment of saline water from the Gulf of Mexico, the At-
lantic Ocean, or from deep parts of the Floridan aquifer sys-
tem that contain saline water. However, saline water encroach-
ment is limited to a few localized areas at present (1998 ).
Although withdrawals are large, they have not greatly altered
the major characteristics of the predevelopment ground-wa-
ter flow system. The dominant forms of discharge from the
aquifer system are springflow and baseflow to streams, just as
before development began. Water-budget calculations indicate
that withdrawal of about 3.4 billion gallons per day of fresh-
water during 1990 accounts for only about 20 percent of the
total discharge from the aquifer system.

The chemical quality of water in the Floridan aquifer sys-
tem is suitable for most uses over an area of about two-thirds
of the aquifer system. Water with dissolved-solids concentra-
tions of 1,000 milligrams per liter or greater is not considered
by the U.S. Environmental Protection Agency to be suitable
for drinking. A map of dissolved-solids concentrations of wa-
ter in the Upper Floridan aquifer (fig. 37) shows that miner-
alization of the water is greater near the coast than inland. The
distribution of dissolved solids is related to the ground-water
flow system and proximity to seawater. Where the aquifer is
unconfined or overlain by a thin confining unit, ground-water
flow is vigorous. Large volumes of water move quickly in and
out of the aquifer, and dissolved-solids concentrations are
minimal. By contrast, water that travels coastward down long,
regional flow paths is in contact with aquifer materials, such
as limestone or local gypsum beds, for a much longer time and
dissolves more mineral material. Thus, the water has larger dis-
solved-solids concentrations. Near the coasts, large dissolved-
solids concentrations are due to the mixing of fresh ground
water with seawater that migrates into the aquifer from the
ocean or the Gulf of Mexico. In southern Florida and along the
St. Johns River in east-central Florida, areas of large dissolved-
solids concentrations represent unflushed seawater that was
either trapped in the limestone of the aquifer system as it was
deposited or entered the aquifer system later, during high
stands of sea level. Dissolved-solids concentrations in water
from the Lower Floridan aquifer are larger than those in the
Upper Floridan aquifer because the water in the Lower Floridan
has followed longer flowpaths and, accordingly, has had more
time to dissolve aquifer minerals.
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EXPLANATION

Potentiometric contour—Shows altitude at 
which the water level in the Upper Floridan 
aquifer would have stood in tightly cased 
wells in 1980. Dashed where approximately 
located. Contour interval, in feet, is variable. 
Datum is sea level

Direction of ground-water movement

EXPLANATION

Spring discharging 100 cubic feet 
per second or more

EXPLANATION

Net water-level decline in Upper 
Floridan aquifer, in feet, 
predevelopment to 1980

Less than 10
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EXPLANATION

Dissolved-solids concentration in 
water from Upper Floridan 
aquifer, in milligrams per liter
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Greater than 1,000
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Figure 33. The Floridan aquifer system is thin in south-central
Georgia, where it consists of a single aquifer that contains local confining
units.  The system thickens greatly in Florida, where it consists of
complexly interfingering, lens-shaped bodies of permeable and less-
permeable carbonate rocks. The line of the hydrogeologic section is
shown in figure 32.

Figure 34. Water in the Upper Floridan aquifer moves
regionally coastward from high areas on the potentiometric
surface.  Withdrawals at major pumping centers had developed
deep cones of depression in several places by 1980.

Figure 35. Florida has 27 first-magnitude springs that issue
from large solution openings in the Upper Floridan aquifer. These
openings are features of the karst topography that has developed
on the carbonate rocks of the aquifer where its upper confining unit
is thin or absent.

Figure 36. Regional declines of water levels in the Upper
Floridan aquifer have occurred in three areas as a result of large
withdrawals from the aquifer. Declines represent the difference
between predevelopment and 1980 water levels.

Figure 37. Concentrations of dissolved solids in the Upper Floridan
aquifer increase coastward, primarily as a result of mixing of freshwater
with seawater. In aquifer outcrop areas and where the aquifer is thinly
confined, flow is vigorous and dissolved-solids concentrations are
generally less than 250 milligrams per liter.

CARBONATE-ROCK AQUIFERS—
Continued


